Chitinase was found in the intestines of 9 species of 6 genera of bats of Indiana. Included were the northern myotis, Myotis septentrionalis; the little brown myotis, M. lucifugus; the Indiana myotis, Myotis sodalis, the big brown bat, Eptesicus fuscus, the eastern pipistrelle, Pipistrellus subflavus, the evening bat, Nycticeius humeralis, the red bat, Lasiurus borealis, the hoary bat, L. cinereus, and the silver-haired bat, Lasionycteris noctivagans. Chitinase was found in summer and in winter, but at significantly lower levels in winter. Chitinase in summer may help to separate parts of insects by breaking down softer connective tissue. In winter, it may break down remnants of chitin left over from summer foraging and could even serve as a supplemental source of energy and nutrients. Chitinase was produced in these bats by 6 previously known species of chitinase-producing bacteria, 2 of Serratia, 3 of Bacillus, and 1 of Enterobacter, and by 4 species previously unknown to produce chitinase, Hafnia alvei, Citrobacter amelonaticus, Enterobacter aerogenes, and E. cloacae.
Chitinase was first reported in vertebrate intestines, including an insectivorous bat, Rhinolophus ferrumequinum, by Jeuniaux (1961) , and it was assayed by Smith et al. (1998) from the 9-banded armadillo (Dasypus novemcinctus) intestine, but neither of these reports investigated the possibility of microflora involvement. All bats of Indiana are insectivorous; thus it seems possible that chitinase might be present in all. However, north-temperate insectivorous bats feed in summer, and when feeding, food passes through the entire digestive tract (at least in Myotis lucifugus) in 30-60 min (Buchler 1975) . Insectivorous bats chew their food into very tiny pieces, thus exposing more digestible soft parts to digestive processes. Chitin is resistant to the typical digestive system, resulting in parts of legs, antennae, and wings passing through the tract fully intact. This suggests that chitinase has little visible effect on heavier chitinous parts in summer since the food rapidly passes through the tract. Perhaps in summer chitinase digests certain parts such as softer internal connective tissues during its rapid transit through the intestine. Rabinowitz and Tuttle (1980) suggested that soft parts of Ephemeroptera might be digested. Whitaker and Rissler (1993) demonstrated that little brown myotis (M. lucifugus) and northern myotis (M. septentrionalis) in and near Copperhead Cave, an abandoned coal mine in Vermillion County, Indiana, often flew outside on winter nights (with temperatures as low as 118F), with increased activity on warmer nights. Examination of the entire digestive tract showed that these bats did not feed; nevertheless, many had fragments of chitin in their intestines remaining from late autumn insect meals. Moreover, these pieces of chitin tended to be smaller and further back in the intestine as the season progressed. Although chitinase does not appear to affect the harder chitinous body parts in summer, it would potentially have more time during lower temperatures while bats were in hibernation in winter (although the metabolic rate would be much lower). We suspected that the chitin fragments were being reduced in size by chitinase.
The primary purpose of this paper was to test the hypothesis that chitinase is present in the digestive tracts of various bats in winter months. If present, it would help digest remnants of chitin and perhaps make available a small amount of energy and nutrients to those bats. No vertebrate animals are known to produce chitinase, but it is possible that bacteria in their digestive tracts do. Further, if chitinase activity was detected, digestive tracts would be sampled for presence of bacteria known to produce chitinase. If these tests prove positive for ''winter'' bats, bats taken in summer would be examined in a similar manner. It appears logical that, because these bats do not feed during winter, the level of both bacteria and chitinase activity would be significantly greater during the feeding period in summer.
MATERIALS AND METHODS
Bats.-Preliminary examination showed that the stomachs and intestines of 6 bats taken in winter in Indiana contained no fresh food but proved positive for chitinase activity. Included in this sample were 2 little brown myotis, M. lucifugus and 3 northern myotis, M. septentrionalis, taken by harp trap at Copperhead Cave, an abandoned mine in Vermillion County, Indiana, and 1 big brown bat, Eptesicus fuscus, that had been submitted to the Indiana state rabies laboratory. Digestive tracts of additional bats of these and other species taken fresh and some from bats from the rabies laboratory during various months throughout the year were also examined for chitinase activity and for chitinase-producing bacteria. Included were 9 species in 6 genera of bats of Indiana (Appendix I). Winter is defined in this study as November-early March, since those months correspond to the period of hibernation for bats found in Indiana. For purposes of this paper the remainder of the year (late March through October), when the bats are active, will be referred to as summer months. Bacterial strains were isolated from 5 bats, 2 M. septentrionalis and 3 M. lucifugus (numbers 1-5 in Appendix I) collected in February and March. Bacterial isolates from the remaining 25 bats (numbers 6-20) were not identified, but were only used in polymerase chain reactions (PCR) to determine if they had chitinase genes (ChiA). The digestive tracts were removed from the latter sample of bats, and a sample was collected from the lumen of each for bacteriological testing; tissue from the gut wall was stored at ÿ708C for further processing.
Bacterial isolation.-Bacteriological media was obtained from Fisher Scientific Company (Chicago, Illinois). Blood agar plates were supplemented with 5% sheep blood (Remel, Inc., St. Louis, Missouri). All other chemicals were of analytical grade (primarily from Fisher Scientific Company, Rockford, Illinois).
Brain-heart infusion broth, blood agar plates, and MacConkey's agar were used for selection of gram-negative bacteria. Swabs of the gut were used to inoculate petri plates and were then inserted into brain-heart infusion broth. Plates were examined for growth after 24 h and brain-heart infusion broth was subcultured to blood agar plates and MacConkey plates. Various isolates were distinguished by colony morphology and Gram stain. All cultures were examined after 24-h incubation at 378C, followed by reincubation for 24 h at room temperature.
Bacterial identification.-All bacterial identification methods were performed using standard methods (Koneman et al. 1997) . Chitinasepositive, gram-negative isolates were identified using the Enterotube II system, a gram-negative bacterial identification system (Becton Dickinson, Timonium, Maryland). Isolates identified as belonging to genera Serratia and Hafnia were further differentiated using tests for production of DNase and gelatinase. Aerobic, gram-positive, sporeforming isolates belonging to genus Bacillus were identified using starch hydrolysis, growth in 6.5% NaCl medium, hemolytic action on blood agar, motility, nitrate reduction, and various sugar-fermentation tests.
Polymerase chain reaction.-Polymerase chain reaction (PCR) was performed using a PCR kit (Promega, Madison, Wisconsin). PCR primers were made according to Ramaiah et al. (2000) , who developed primer sequences from conserved regions of ChiA genes of 4 bacterial genera. These were shown to give consistent results with 53 reference strains. The conditions used for all PCR trials were as follows: 30 cycles, 508C annealing temperature, and 728C extension temperature. PCR products were visualized by agarose gel electrophoresis. DNA size standards were obtained from Sigma Chemical Company (St. Louis, Missouri).
Colorimetric chitinase assays.-Activity of chitinase was measured using the method of Hackman and Goldberg (1964) . Tissues were minced, suspended, and homogenized in 2 ml of buffer (0.1 M sodium acetate, 2 mM CaCl 2 , pH 5.0) formulated for optimum conditions for chitinase activity. Homogenized bat intestine or standard enzyme samples (from Streptomyces griseus, 0.26 U/mg protein, Sigma Chemical Company; 1 ml total) were thoroughly mixed with 2 ml of chitin-azure suspension (10 mg/ml; Sigma Chemical Company) and incubated at 378C for 120 min with constant shaking (200 rpm) on a platform shaker in a walk-in incubator. Samples were centrifuged at 4000 Â g for 10 min at 48C to form pellets of undigested chitin-azure. The supernatant solution, containing digested chitin-azure, was decanted and absorbance was determined spectrophotometrically at 570 nm. Units of enzyme activity were determined by extrapolation from a standard curve. Protein concentrations were determined using the Bradford (1976) method (Pierce Chemical Company, Rockford, Illinois). The specific activity of chitinase was calculated as units of enzyme activity per milligram of protein.
Chitin overlay assay.-Practical-grade chitin from crab shells, Congo red dye, and agarose were obtained from Sigma Chemical Company. A selected number of bacterial isolates was screened for chitinase activity using a chitin overlay assay (Roffey and Pemberton 1990) . Agar plates made with a peptone-based medium were overlaid with peptone-based agar plus chitin (1 g/l). Bacterial isolates were inoculated onto assay plates and incubated at 378C for 48 h, followed by incubation at 228C for 24 h. Presence of chitinase was determined by flooding plates with Congo red and incubating for 15 min at room temperature, followed by a solution of 1% NaCl for 5 min. The plates were examined for a clear zone around the colonies indicating hydrolysis of chitin. Ramaiah et al. (2000) used PCR to detect chitinase genes (ChiA) in various bacterial species by aligning ChiA sequences from several known chitinase-producing bacteria and designing a PCR probe from a highly conserved region. The primers that were developed were as follows: forward 59-GAT ATC GAC TGG GAG TTC CC-39 and reverse 59-CAT AGA AGT CGT AGG TCA TC-39. These primers were used to collect bacterial isolates from bats 6-26. Bacterial isolates from bats 1-5 were not tested by PCR but were identified and tested for chitinases by the chitin-hydrolysis method.
Isolates deemed chitinase positive by the plate assay were also tested for utilization of chitin as their sole source of carbon to confirm production of chitinase. To determine utilization of chitin, minimalsalts media plus chitin from crab shells (1 g/l) were inoculated with individual isolates, incubated for 48 h at 378C, and observed for growth of bacteria.
RESULTS
Twenty-six bats (9 species of 6 genera), captured during 6 months of the year, were tested for chitinase activity and 25 (96.2%) were positive (Fig. 1) . The amount of chitinase activity varied depending upon the time of year the sample was collected; the majority of samples collected during summer months showed significantly higher activity than those collected during winter.
Twenty-four chitinase-producing bacterial strains were isolated and identified to species (Table 1 ) from 2 individuals of M. lucifugus and 3 of M. septentrionalis collected in February and March (bats 1-5 in Appendix I). Bacterial isolates from the remaining 21 bats (numbers 6-26) were not identified but were only used in PCR reactions to determine if they had chitinase genes as given below. Bacterial isolates from bats 1-5 hydrolyzed chitin in chitin overlay assays. These included 17 isolates from 6 bacterial species that are known to produce chitinase (Chernin et al. 1997; Joshi et al. 1988; Sampson and Gooday 1998; Slabospitskaia and Krymovskaia 1992; Truchuk et al. 1996; Watanabe et al. 1997 ). In addition, they included 7 isolates from 4 species not previously documented to produce chitinase: Hafnia alvei, Citrobacter amelonaticus, Enterobacter aerogenes, and E. cloacae (Table 1 ). All isolates presented in Table 1 could use chitin as their sole source of carbon. We estimated that 55-85% of bacteria isolated from the gastrointestinal tracts were chitin-hydrolyzing species.
Six bats did not produce any bacterial isolates upon culture but did show significant chitinase enzyme activity (Fig. 1) . They were M. lucifugus numbers 15, 23, 24; M. septentrionalis 20; P. subflavus number 21, and E. fuscus number 25 in Appendix 1. They did produce 35 PCR-positive isolates. Also, 1 bat (number 26) did not result in detectable chitinase activity upon assay, but it did yield 2 bacterial isolates that gave a positive signal for ChiA.
The remaining bats were (number of isolates and number PCR positive in parentheses) as follows: Nycticeius humeralis number 6 (3-3); M. septentrionalis numbers 7 (4-4), 8 (3-3), 14 (3-3); M. lucifugus numbers 9 (2-0), 12 (1-1); M. sodalis numbers 10 (2-2), 16 (3-3); Lasiurus cinereus numbers 11 (6-5), 22 (1-1); L. borealis 13 (4-3), P. subflavus 17 (1-1), E. fuscus 18 (3-3), 19 (1-1); and Lasionycteris noctivagans 26 (2-2).
DISCUSSION
Our results clearly indicate presence of chitinase activity in digestive tracts of bats of Indiana in both summer and winter. Chitinase activity is highly likely because these bats feed on insects and, therefore, chitin is plentiful. Chitinase activity was produced by most of the bacteria that normally inhabit the intestines of these bats. In the hibernating bat, total chitinase activity is considerably lower since there is a limited amount of chitin retained in the gut. However, this may allow for the slow release that could serve as a potential energy source over winter. It is not clear why no bacterial isolates were produced in 6 of the bats. However, integrity of intestinal tracts of these animals was poor. This was perhaps because they had been processed by the Indiana state rabies laboratory, and they may have been frozen for an extended period and possibly thawed several times.
Small Myotis put on about 2 g of fat for survival during winter, and they use about 75% of this during periodic arousals from hibernation (Thomas et al. 1990 ). This leaves about 0.5 g of fat on which to survive periods of hibernation. We conclude that chitinases are active throughout winter and break down particles of chitin remaining in the digestive tract. Many bacterial chitinases are extracellular. They are excreted by bacteria and break the chitinous polymer into single nacetylglucosamine residues that can be transported into the cell and utilized. It seems reasonable that sufficient sugar would be present to supply energy and nutrients to both bacteria and bat. Chitin is an excellent source of carbon, energy, and nitrogen with an estimated free energy value of 21.2 kJ/g. Given the relatively small amount of energy available from stored fat, it is possible that the energy derived from breakdown of chitin remnants supplies enough energy to be significant in survival of bats over winter.
When insectivorous bats feed in summer, they often discard the larger, harder parts of insects but chew the remaining parts into very tiny pieces. We suspect that chitinase acts to help separate the parts by reacting with the softer connective tissue. However, harder parts, if eaten, go through the intestines with little digestion. Rozalska et al. (1998) reported that Escherichia coli, the predominant intestinal organism of most mammals, was not present in M. myotis or Barbastella barbastellus. Moreover, Jarzembowski (2002) found that E. coli was not present in the intestine of Pipistrellus nathusii. In contrast, we isolated E. coli, although in low numbers, from both M. lucifugus and E. fuscus. It is unclear what the selection mechanism may be. On the other hand, it is interesting that 6 of 7 of the members of Enterobacteriaceae identified from the intestine of P. nathusii by Jarzembowski (2002) were known chitinase-producing organisms, and we report here for the first time, chitinase production by the 7th organism, H. alvei. showing difference between summer and winter activity. Numbers of bats included were 2 from February, 3 from March, 7 from May through July, 12 from August to October and 2 from December. They are presented by 3-month periods. Means for the 4 periods were respectively, 0.32, 0.75, 15.21, and 8.8. Standard deviations were 0.19 for November-January and February-April calculated together (because of small sample size), 9.66 for May-July, and 7.9 for August-October. Chitinase activity is given in units of enzyme activity per mg of protein. Chitinase assays, in this report, were performed at pH 5.0 because optimum pH of the standard enzyme (and for many known chitinases) is 5.0. However, it is possible that more activity is actually present in bat intestines at other pH values since chitinases of individual bacteria may have a different pH optimum. This seems reasonable since pH of the intestine and the optimum pH for growth of the intestinal bacteria is expected to be closer to neutral.
We expect to continue this line of inquiry to determine how much energy or how many nutrients are included in remnant materials in the digestive tract in winter. Also, questions of how our results relate to the variation of temperature and pH in the gut is of interest. Finally, we want to know how bacterial productivity varies during the summer and winter months and test the hypothesis that chitinase production occurs and is in effect throughout the year.
